Abstract: Any deep cervical infection has to be aggressively treated and CT scan of the chest should be performed to exclude the possibility of downward spread of the infection within the mediastinum. Early recognition of DNM is problematic because of its rarity and the non-specific symptoms in its early phase. DNM can rapidly progress to involve the entire mediastinum.
INTRODUCTION
Descending necrotizing mediastinitis (DNM) is an uncommon, serious and fulminant form of mediastinitis which is the result of spread of a severe cervical infection down to the mediastinum [1, 2] . In the present mini review we make a synopsis of the available data, especially the recently published, on diagnosis, classification and treatment of DNM and we compare the results of those data with the personal experience of the 1 st author which includes 7 cases of DNM seen during a 15-year period of involvement in thoracic surgery. Useful algorithms to plan treatment are arranged and all controversies concerning surgical treatment of DNM are discussed.
BACKGROUND AND PATHOPHYSIOLOGY
The responsible for the generation of DNM cervical infection descends to the mediastinum through the deep and superficial cervical fascial planes that are continuous with those of the mediastinum. The infection descends to the mediastinum through the pretracheal, paraesophageal, prevertebral and retropharyngeal spaces and along the carotid *Address correspondence to this author at the AHEPA University Hospital, 1 Stilponos Kiriakidi Street, 54636 Thessaloniki, Greece; Tel: 0030-2310-994705;
Fax: 0030-2310-994871; E-mail: cforoulis@otenet.gr, foroulis@med.auth.gr sheaths. The retropharyngeal space that extends from the skull base to the mediastinum has important clinical significance for the spread of odontogenic infections within the posterior mediastinum and pleural space and it is called the "danger" space. Gravity and the negative intrathoracic pressure facilitate the spread of cervical infections down to the mediastinum through the above mentioned cervicomediastinal fascial planes [1] [2] [3] [4] .
DNM is a relatively rare condition and it is accompanied by high mortality rates, especially if diagnosis and treatment are delayed for more than 24 hours after the onset of symptoms [1, 2] . The rarity of the disease and the non-specific symptoms in the early phase of mediastinal involvement are responsible for the late recognition in most cases [1] . The available information concerning diagnosis and treatment come from relatively small case series, and consequently no standard form of treatment exists [4, [7] [8] [9] [10] [11] [12] . The disease predominantly affects young men [1, 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] .
The most common causes of DNM are odontogenic infections, peritonsilar and retropharyngeal abscesses [1] [2] [3] . Traumatic pharyngeal perforations by foreign bodies (fish or chicken bones), suicide attempts, iatrogenic pharyngeal perforations and Ludwig angina are other, rare causes of DNM [1, 2] . DNM is in most cases a mixed infection from aerobic and anaerobic species, although aerobic β-hemolytic streptococcus may be the only responsible microorganism. In mixed aerobic and anaerobic infections, the symbiosis between one or more species of microorganisms results in a synergistic necrotizing cellulitis and multiple small vessel thrombosis that becomes clinically evident within 24-72 hours after the onset of a deep cervical infection or following an odontogenic procedure [1, 2] . The commonest microorganisms found in DNM are aerobic and anaerobic streptococci, Fusobacterium, bacteroides species, Staphylococci, Haemophilus species, clostridium perfringens, Esherichia coli and pseudomonas aeruginosa [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
DIAGNOSIS
Early recognition of DNM is very important, before spread of the infection to the lower part of mediastinum, event that seriously affects the general condition of the patient and leads to the development of multiple organ dysfunction (MOD) and failure (MOF). Usually DNM is initially presented with signs of a deep cervical infection, such as swelling, erythema, tenderness and crepitation (because of cervical subcutaneous emphysema) in the neck [1, 2, 7, 8] . The cervical infection may rapidly progress to involve the mediastinum, even after prompt drainage of the deep cervical space and administration of broad-spectrum antimicrobials. Dentists and otolaryngologists should be well informed and aware about this rare condition and should have a high index of suspicion when deal with any deep cervical infection for the possibility to extend downwards to the mediastinum. Mediastinal infection, if unrecognized in its early stage, will rapidly progress to involve the entire mediastinum leading to sepsis and MOF.
Symptoms and signs of mediastinal involvement include substernal and pleuritic pain, dysphagia, dyspnea, signs of pleural and/or pericardial effusion and septic shock [1, 2, 7, 8] . The diagnosis of mediastinal involvement is often delayed and in many patients the diagnosis will be made after the deterioration of their general condition because of sepsis. In the personal experience of the 1 st author, most patients are seen by the thoracic surgeon after the establishment of MOD or MOF ( Table 1) .
The diagnostic criteria to establish the diagnosis of DNM were reported by Estrera et al. in 1983 and still remain valid until today [4] . The Estrera's criteria are the following: 
RADIOLOGIC FINDINGS
The main findings in plain chest radiography will make the suspicion of DNM together with the clinical signs and symptoms of severe infection and with the presence of a cervical or oropharyngeal infection. The radiologic findings in plain chest radiography are the following:
• widening of the mediastinum and mediastinal emphysema • air-fluid levels within the mediastinal shadow • anterior displacement of the tracheal air column by a prevertebral soft tissue opacity • enlargement of the cardiac silhouette and loss of the normal cervical spine lordosis • unilateral or bilateral pleural effusion [5] CT scan of the chest and neck is an important examination in any patient who is treated for a deep cervival infection in order to early recognize the presence of mediastinal involvement. [4, 6] CT scan shows soft tissue infiltration with loss of the normal appearance of mediastinal fat (increased density), mediastinal emphysema and mediastinal fluid collections with or without air bubbles (Figs. 1, 2 and 3). Pleural and pericardial effusions can also be demonstrated [5, 6] (Fig. 4) .
CT scan of the chest gives important information concerning the extent of mediastinal involvement. CT scan will delineate if the infectious mediastinal process extends or not below the carina level, an information that is considered crucial by many authors before to plan surgical treatment [1, 2, 4, 6, 11, 13] (Fig. 5) . The involvement of one or more mediastinal compartments is also essential for planning surgical drainage. DNM is classified by Hasegawa et al. in 3 types according to its diffusion within the mediastinum [13] ( Figs. 6 and 7) . Classification is based on CT findings and the 3 proposed types are the following:
Type I: the infection is localized to the upper mediastinum and above the tracheal bifurcation
Type IIA: the infection extends to the lower anterior mediastinum
Type IIB: the infection extends to the lower anterior and posterior mediastinum CT scan of the chest and neck is also an important examination to monitor the adequacy of mediastinal drainage after surgery and for the decision-making to re-operate if the infection persists or relapses within the mediastinum [9, 10, 14] .
The suspicion is the key for the diagnosis of DNM. Early diagnosis and treatment is further the key for early surgical intervention that gives the best chance for a favorable outcome. Early consultation from a thoracic surgeon offers to the patient the aggressive surgical treatment that is necessary for this aggressive disease with lethal outcome in case of delayed or inappropriate treatment [7, 14] . 
TREATMENT
Aggressive cervical and mediastinal debridement and drainage, effective pleural and pericardial drainage, administration of broad spectrum antibiotics, covering both aerobes and anaerobes, and support of the vital organs in the ICU are the four important parameters for the treatment of DNM.
Many different approaches are reported for mediastinal drainage in DNM, according to the level of mediastinitis diffusion. The level of the carina is considered by some authors to be the lower border of the infectious spread where a transcervical approach could be effective to drain the mediastinal infection [1, 2, 4, 11, 13, 15] . If the infection spreads below this level, the thorax has to be opened to radically drain the infection. In my experience including seven cases of DNM, I believe that a transcervical approach never gives to the surgeon the full exposure that is necessary to properly drain the mediastinum. In addition, the process diffuses rapidly within the mediastinum in fulminant forms of DNM and surgical findings are quite different from that described and seen in CT scan performed just few hours before surgery. The deterioration of vital organs is another guide to plan surgical treatment. In the presence of MOD -MOF, aggressive surgery and aggressive mediastinal debridement and drainage has to be offered at 1 st operation.
The different surgical approaches which are reported in the literature to drain the mediastinum in DNM are the following:
-Transcervical drainage plus thoracotomy [16] -Transcervical drainage plus median sternotomy [17, 18] -Transcervical drainage plus VATS [19, 20] -Transcervical drainage plus bilateral thoracotomy [6, 10] ( Table 1) -Transcervical drainage plus Clamshell incision [21] -Transcervical drainage plus bilateral or unilateral anterior mediastinotomy [1, 7, 11] -Trancervical drainage plus subxiphoid drainage [1, 9, 11] -Transcervical drainage alone only for type I DNM [1, 2, 4, 11, 13, 15] Despite the various surgical approaches proposed and used for surgical drainage in DNM, the optimal approach still remains controversial. Limited surgical exposure to the mediastinum that is provided by the combination of transcervical drainage combined with subxiphoid drainage or unilateral / bilateral anterior mediastinotomies or by transcervical drainage alone (only for type I DNM) have all the obvious disantavantage of possible non-adequate drainage of the mediastinum. In the meta-analysis published by Corsten et al. in 1997 , the authors conclude that "the mediastinum cannot be adequately drained by a limited surgical approach through subxiphoid or anterior mediastinotomy" and that "all the survivors had the mediastinal sepsis best controlled by formal thoracotomy." The difference in survival between patients operated with limited surgical approaches versus formal thoracotomies was significant in their meta-analysis (53% versus 81%) [8] .
Failure to achieve complete mediastinal drainage and debridement is associated with increased risk of lethal outcome. Routine chest and neck CT scan 48 to 72 hours after the initial drainage procedure or in case of persistent sepsis after an initial drainage procedure confirms the adequacy of mediastinal sepsis control [6, 10, 22] . A useful algorithm for the treatment and monitoring of the treatment results in DNM was proposed by Freeman et al. and is presented in Fig. (8) [10] .
In the opinion of the 1 st author, median sternotomy and Clamshell incisions have the obvious disantvantage of sternal split in an infectious environment where the possibility of the development of deep sternal wound infection is considered to be high. Indeed mediastinal debridement via median sternotomy can be accomplished by the application of a vacuum-assisted closure device according to Gorlitzer et al . that helps to avoid deep sternal wound infection [23] . In addition the access to the posterior mediastinum, where DNM frequently spreads, is limited through sternotomies. We should keep in mind that one-lung ventilation is not possible in most patients with DNM because of the associated respiratory failure. Sufficient oxygenation of the patient during the procedure can only be achieved with the inspiration of pure oxygen and high levels of PEEP while serious desaturation occurs shortly after initiation of onelung ventilation. These circumstances preclude in most instances one-lung ventilation which is a necessary parameter to reach the posterior mediastinum through sternotomy and especially to perform a VATS procedure. Respiratory failure was always the case in the 7 cases reported by the 1st author ( Table 1 ) which made one-lung ventilation impossible except for very short periods of time. Unilateral or bilateral VATS mediastinal drainage can be an alternative way to thoracotomy for mediastinal drainage in cases where onelung ventilation can be tolerated by the patient [24, 25] .
Unilateral thoracotomy in the most involved side or simultaneous bilateral thoracotomies (in case of diffusion of the infection in both sides according to CT findings) in addition to cervicomediastinal drainage offer the best chance to achieve adequate cervical, mediastinal, pleural and pericardial drainage ( Table 1 ). In the opinion of the author the operation should always start with cervical drainage in the affected side or in both sides through an extended collar-cuff incision or bilateral parasternocledomastoid incisions. Finger exploration and drainage of the pretracheal and prevertebral space should be performed at this stage. Multiple penrose drains can be left in place before closure of the cervical incicion/incisions within the deep cervical spaces and in the pretracheal space. The skin incision can be simply reapproximated with interrupted sutures or left open.
During a right thoracotomy the mediastinal pleura should be widely opened from the diaphragm to the azygous vein along the esophagus and the prevertebral space has to be explored and drained by blunt (finger) dissection. The space between the esophagus and the root of the lung should also be bluntly dissected and drained. The mediastinal pleura should also incised from the azygous vein to the thoracic inlet, anteriorly and posteriorly to the trachea. Another incision should be done anteriorly to the superior vena cava and the anterosuperior mediastinum should be drained by blunt dissection. Through this last incision the surgeon can rich the opposite side. The pericardium should also be incised anteriorly to the phrenic nerve. This way all mediastinal spaces are bluntly dissected and any mediastinal collection of fluid or mediastinal abscess will be drained. Bleeding is limited because of the thrombosis of small mediastinal vessels. During a left thoracotomy, the mediastinal pleura should be incised from the diaphragm to the aortic arch along the esophagus. The spaces between the esophagus and descending aorta and between esophagus and the root of the lung should be explored and drained. Incisions in the mediastinal pleura should also be performed between the left carotid and left subclavian arteries from the aortic arch to the thoracic outlet. The pericardial fat should also be bluntly dissected and drained and a pericardial window has also to be made anteriorly to the phrenic nerve for drainage of the pericardial cavity. Of importance is to explore and to drain the substernal space.
Two large chest tubes should be left in place before thoracotomy closure. The skin can be re-approximated by interrupted skin sutures or left open.
Detection of diffusion of DNM within the entire mediastinum in preoperative CT scan will obviate the need for simultaneous bilateral thoracotomies in addition to cervicomediastinal drainage through the neck (Fig. 5) . Bilateral thoracotomy in 3 out of 7 cases and right thoracotomy with or without chest tube drainage of the left pleural cavity in the rest 4 cases were chosen as the appropriate access for drainage of DNM in the series of 7 cases presented in Table  1 .
OUTCOME
Mortality rates still remain high, and ranges between 12.5% and 37.5% in most of the recently published series. The main cause of death is MOF ( Table 2) . Cervicomediastinal drainage of DNM is associated with higher mortality rates than the combination of transcervical and transthoracic drainage (47% vs. 19%) in the meta-analysis published by Corsten et al. [6] . The development of purulent pericarditis and/or failure of more than 2 organs before surgery, probably as the result of delayed diagnosis, are connected with high probability of death in the series of 7 patients that is presented in Table 1 . Support of the failed organs in the ICU is of paramount importance for a good outcome of any patient who undergoes mediastinal drainage for DNM [26] [27] [28] [29] [30] [31] . Prolonged ICU and hospital stays are the rule for patients treated for DNM in most of published series ( Table 2 ) and in the personal experience of the authors [26] [27] [28] [29] [30] [31] . Need for a second or even more surgical interventions is reported to be high (33%-100%) in most of published series ( Table 2 ) and especially after a 1 st attempt to drain the mediastinum through the neck [26] [27] [28] [29] [30] [31] . N/A = not applicable.
